1. A control system for controlling the operation of 
a door operator unit to move a door between open and closed 
positions, said operator unit . including a reversible 
electric drive motor, a drive unit interconnecting s%iid 
motor with a door, and an electrically operated /brake 
operably connected to said drive motor and said dri^e unit 
for braking rotation of an output shaft of said drive unit, 
said control system comprising: / 

a programmable microcontroller operable to receive 
control signals from at least one of plii;e^l switches for 
providing door open, door close and door sixop signals, and a 
single switch for sequentially providing door open, door 
close and door stop signals; / 

a motor power supuly control circuit for operating 
said drive motor in reversle/oR.recJ^ions of rotation; 

a motor . drive cirieniit including motor relay 
actuator means, said motor >drive circuit being adapted to 
receive control signals from said microcontroller to effect 
operation of said drive motor through said motor power 
supply control circuit^ to provide for one of opening and 
closing said door; and 

a brake /control circuit operably connected to said 
microcontroller / and operable to provide signals for 
releasing saLd brake and for progressively applying said 
brake to bra^e rotation of said output shaft. 

2. j/ The control system set forth in Claim 1 wherein: 

/ said brake control circuit is operably connected 
to /said motor drive circuit for releasing said brake 
substantially simultaneously with energizing said drive 
motor through said motor drive circuit • 



3. _ The control system siet forth in ciaim 1 wherein: 

said motor drive circuit includes at least y*fwo 

motor interlock relays in circuit with motor drive vxelay 

actuators^ respectively/ said motor interlock relays being 

/ 

operable to prevent energization of one of said motor drive 
relay actuators when the other of said motor/^rive relay 
actuators is energized to rotate said d'ri^ve motor in a 

/ 

selected direction to one of open and close^ said door. 




4. The control s^stfein^et forth ^^n Claim 3 including: 
a motor driR/^e/sxatus feedback circuit operably 

connected to said motor drive ^c^ircuit and operable to 
receive a signal from said motor drive circuit when one or 
the other of said motor drive relay actuators and an 

/ 

associated motor interlock relay are energized to provide a 
feedback signal to said n,i,^ocontrollar. 

/ 

5. The control system set forth in Claim 4 including: 

/ 

a motor ^etchdog circuit operably connected to 
said motor drive circuit and including a switch connected to 
said motor drive/circuit and to means for receiving a signal 
from said microcontroller ^ said means being operable in 
response to^not receiving a signal from said microcontroller 
to effect yshutdown of said drive motor. 

The control system set forth in Claim 5 wherein: 
said motor watchdog circuit is operably connected 
to /said brake control circuit to prevent release of said 
brake when said microcontroller is inoperative. 
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7. The control system set forth in Claim 1 including:, 
a brake. release feedback circuit operabiy 
connected between said brake control circuit and ysaid 
microcontroller for providing a brake status feedback/signal 
to said microcontroller. X 

8- The control system set forth in Claimyl including: 

. door position limit indicator means/ for indicating 

when said door has reached an open position and a closed 

position, respectively, circuit means connoted to said door 

position limit indicator mer^s and sai^ microcontroller for 

/ / 

providing input signals t6 paid microcontroller to indicate 
when said door has reactV^d'^an offen limit position and a 
closed limit position, respectively 

9. The control system sfet forth in Claim 1 including: 
a power supply circuit for said control system 
including connector means/for connecting said control system 
to a power source, a /::onverter circuit for converting AC 




line voltage to low voltage DC power and a voltage sensing 

/ 

circuit operably co3f{nected to said power supply circuit and 
operable to effe^ interruption of power to said control 
system. 

10. The"" control system set forth in Claim 9 including: 
an emergency shutdown circuit interconnected 
between ysaid voltage sensing circuit and said micro- 
controller and operable upon receiving an output signal from 
said microcontroller to effect operation of said voltage 
sens/ng circuit to effect interruption of power to said 
control system. 




11- The^ontrbl system set forth in Claim 1 including: 
a door reverse control circuit adapted v^o be 
connected to a device . for providing a . signal >tio effect 
reversing the direction of movement of isaid doe^r when said 
5 door is moving toward a. cloised poisition/^ said reverse 
control circuit being operable to provide^^ input signal to 
said microcontroller to effect operati<^ of said operator 
unit to stop movement of said door toward a closed position 
and effect operation of said opera;t^or unit to move said door 
10 to an open position, X 

12. The control pylt^n^ forth in Claim 1 including: 
□ a keypad ©pebbly connected to said micro- 

controller and to a decoder circuit by way of a keypad 
s| driver circuit for/providing calibration of a selected 

5 function controller by said microcontroller including at 
least one of a Vaoor limit position overrun time delay, a 
progressive braking rate for applying braking action by said 
brake assembly to stop rotation of said output shafts a mid- 
Ul stop setting for arresting movement of said door between its 

:|7l 10 open an4 closed positions, a maximum run time of said 
operator unit to at least one open and close said door, and 
deenergizing said drive motor for a predetermined time 
commencing with deenergization of said motor. 
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ntrol system set forth in CXa 



13. The xJohtrol system set forth in Claim 12 wherein: 
said control system is mounted in an enclosure^ahd 

is operably connected to said motor, said drive unit and 
said brake by connector means whereby said enclosure may be 
selectively mounted on said operator unit and j^emote from 
said operator unit . 

14 . A control system for controlling tKe operation of 
a door operator unit to move a door between open and closed 
positions, said, operator unit including a reversible 
electric drive motor, and a drive uni^^interconnecting said 
motor with a door, said control system comprising : 

a programmable/Tmicrocont operable to receive 

control signals from at Al^'ast one of plural switches for 

providing door open, doWr close/and door stop signals, and a 

single switch for sequentially providing door open, door 

/ 

close and door stop signals; 

/ 

a motor power s4pply control circuit for operating 
said drive motor in revexse directions of rotation; 



a motor d-rive circuit including motor relay 
actuator means, sai^ motor drive circuit being adapted to 
receive control siignals from said microcontroller to effect 
operation of said drive motor through said motor power 
supply control! circuit to provide for one of opening and 
closing saicy door; and 

motor watchdog circuit operably connected to 
said mot (2^r drive circuit and including a switch connected to 
said mc/tor drive circuit and to means for receiving a signal 
from / said microcontroller, said means being operable in 
response to the absence of a predetermined signal from said 
microcontroller to effect shutdown of said drive motor. 




15, The control system set forth in Claim 14 wherein: 
said motor drive circuit includes at least two 

motor interlock relays in circuit with motor drive relay 
actuators r respectively, said motor interlock relays/^eing 
operable to prevent energization of one of said mojror drive 
relay actuators when the other of said motor ^mrive relay 
actuators is energized to rotate said drive motor in a 
selected direction to one of open and close/said door. 

16. The control system set >^rth in Claim 15 
including: y 

a motor dri/vei stratus fieedback circuit operably 



connected to said mi 



<lnL^^^ circuit and operable to 
receive a signal from said mo/tor drive circuit when one or 



1= the other of said motor yarive relay actuators and an 

ri associated motor interlock relay are energized to provide a 

feedback signal to said yfnicrocontroller . 

- - / 

ll 17. The control system set forth in Claim 14 

si including: 

an electrically operated brake operably connected 
to said drive/unit for braking rotation of an output shaft 
5 of said dative unit, a brake control circuit operably 
connected/ to said microcontroller for releasing said brake, 
and saixi motor watchdog circuit is operably connected to 
said/orake release circuit to prevent release of said brake 
in/ the absence of said predetermined signal from said 
10 microcontroller, 



-47- 



18. The '^control system set forth : in Claim 17 
including: . 

a brake . release feedback circuit ^xSperably 
connected between said brake release circuitx^and said 
microcontroller for providing a brake status f^^dback signal 
to said microcontroller. 



19. The 
including: 



control system set 



6rth 



in Claim 14 



a power supply circuit for said control system 
including connector mean^ for coni^ecting said control system 
to a power source, a/ ijp^vert^ circuit for converting AC 
line voltage to low voltages/DC power and a voltage sensing 
circuit operably connected^ to said power supply circuit and 
operable to effect interruption of power to said control 
system. 



20. The 
including : 



control system set 



forth 



in Claim 19 



an / emergency shutdown circuit interconnected 
between sa/d voltage sensing circuit and said micro- 
controller^ and operable upon receiving an output signal from 
said mi/crocontroller to effect operation of said voltage 
sensij;ig circuit to effect interruption of power to said 
control system. 
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y^fol system for controlling^: 



21. A cdWEol system for controllin^Pthe operation of 
a door operator unit to move a door between open and olosed 
positions, said operator unit including a re;;/ersible 
electric drive motor, a drive unit interconneoi^ing said 
5 motor with a door, and an electrically ope^ted brake 
operably connected to said drive motor and said drive unit 
for braking rotation of an output shaft of §^aid drive unit^ 
said control system comprising: 

a programmable microcontroller xSperable to receive 
10 door open, door close and door stop si^gnals and to provide 
control signals to a motor drive circiiat; 

^ / 

a motor power/sxipply control circuit for operating 
said drive motor in reve]Ss4 directions of rotation; 

a motor drive circuit^ adapted to receive control 
15 signals from said microcontroller to effect operation of 
said drive motor through said motor power supply control 
circuit to provide for one^ of opening and closing said door; 

a brake contro'i^ circuit operably connected to said 
microcontroller and yoperable to control engagement and 
20 release of said brake; and 

a keypaa operably connected to said micro- 
controller for providing calibration of a selected function 
controlled by seid microcontroller including at least one of 
a door limit/ position overrun time delay, a progressive 
25 braking rate for applying braking action by said brake to 
stop rotation of said output shaft, a mid-stop setting for 
arresting movement of said door between its open and closed 
positiyons, a maximum run time of said operator unit to 
provide at least one of opening and closing said door^ and 
30 deenergizing said drive motor for a predetermined time 
)mmencing with deenergization of said drive motor. 
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22. The 
including: 




control systiem set for 




in Claim 21 



a visual display dperably connected to said 
microcontroller for displaying a selected conditiory^de in 
an operating mode of said control system and p^ibration 
information when said control systerti is in f calibration 
mode . 



23. The 
including: 



cpntrol system set f o' 



in Claim 22 



a memory operably ^connected . to said 

microcontroller and operable to >^ore signals related to 

multiple error codes for recaiy^nd display on said visual 
display. 



24 



The cont 



, iyst^m set forth in Claim 21 wherein: 
said mii/ocoijrtroller includes timer means for 



automatically setting y^aid maximum run time of said operator 
unit between said /6pen and closed positions based on a 
measured run time/of said door between said open and closed 
positions plus e/i additional increment of time. 



25. Th« 
including : 



control system set forth in Claim 21 



a connector for connecting a device to said 
control/ system to retrieve data stored in a memory operably 
connected to said microcontroller and to at least one of 
perform specific tests and monitor functions related to the 
operation of said control system. 
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' * ■ - ■ 

of a door operator unit to move a door between op^n and 
closed positions, said operator unit including a r^ersible 
electric drive motor, a drive unit interconnecting said 
5 motor with a door, an electrically operated bx?ake operabiy 
connected to said motor and said drive unit . for braking 
rotation of ah output shaft of said drive^ unit, and door 
position indicator means associated with ^id operator unit, 
said control system comprising a motor y^wer supply control 

10 circuit, a programmable microcontroller operable to receive 
door open, door close and door stop signals and to provide 
control signals to ayi|mdtor drive circuit, and a brake 
control circuit, the Mciprovement/ comprising : 

a housing adapted to be detachably connected to 

15 said operator unit and incLuding said microcontroller, said 
motor power supply contrpd circuit and said brake control 
circuit and plural connectors disposed in said housing for 
interconnecting said o^rator unit with said control system 
and adapted to prpVide for mounting said housing at a 

20 location remote fixom said operator unit while remaining 
operabiy connected to said operator unit through conductor 
means extending between said housing and said motor, said 
• indicator mea^s and said brake. 

27. !rhe invention set forth in Claim 26 wherein: 

said power supply control circuit includes a 
plurality of relay contactors adapted to be connected to a 
sourc^ of electric power at selected voltages and plural 
connectors connected to said power supply control circuit 
for connecting said control system to said motor depending 
on a voltage and phase requirement for driving said motor. 
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28. A iriiKod for contrbilirig the o^Pration of a door 
operator unit to move a door between open . and >closed 
positions, said operator unit including a ^^^ersible 
electric drive motor, . a drive unit interconn;^ting said 
motor with a door and an electrically aj^erated brake 
operably connected to said drive unit fory^aking rotation 
of an output shaft of said drive unit, said control system 
including a programmable microcontrblle^ operably connected 
to means for providing door position'^imit signals to said 
microcontroller, said method comprising the steps of: 

moving said /9bo^ towa^id^one of an open and closed 
limit position by en^i^^zxng ^aid motor and releasing said 
brake; and 

upon said door /Approaching one of said open and 
closed position, deenergizing said motor at a selected 
overrun time delay after receiving a door limit position 
signal by said micracontrbller . 

29. The me^tdiod set forth in Claim 28 including the 
step pf : • 

providing a calibration circuit operably connected 
to said microcontroller; and 

selecting a value of overrun time delay by way of 
said calibration circuit to provide a selected time delay 
betweefn receipt of a limit position signal by said micro- 
controller and onset of applying a signal to effect 
ration of said brake to brake rotation of said output 
laft. 
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30. The Tu&thod set forth in Claiih~29 including the 
step of: 

preventing said door from 'moving t/&ward an open 
position during said period of over ruri /time delay and 
during operation of said brake when said ^por is approaching 
said closed position 

31. The method set forth in Alaxm 28 iiicluding the 



step of : . 

initiating a 
response to a door 1 
microcontroller . 



32 



The method set 




j/ftg D2!x)cedure with said brake in 
posi^tion signal received by said 



in Claim 30 wherein: 



said braking/ procedure comprises deenergizing a 
brake operator of safid brake to provide braking of said 
output shaft by appQying a pulse width modulated signal to 
said brake operat/zir, and progressively reducing a duty cycle 
of said modulated signal applied to said brake operator to 
halt rotation/bf said output shaft. 

33. The method set forth in Claim 32 including the 
step of : 

providing a signal to said brake operator from a 
prede^termined set of braking rate signals stored in said 
microcontroller by selecting one of said braking rate 
signals at will. 
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^^iethod set forth in Glain^J 



34. The^lfethod set forth in Glain^S including the 
step of : 

causing said microcontroller to effect a^^esting 
movement of said door in a position between an izJpen limit 
position and a closed limit position after a predetermined 
time which commences with movement of said door from one of 
said limit positions toward the other/ of said limit 
positions. 




35. The method set f^rtli in Claim 34 wherein: 

said control system is ouerated to cause said door 
to stop in a position between s,aid limit positions after a 
predetermined time commencing/ with movement of said door 
from a closed limit position/of said door. 




causing saad microcontroller to effect shutoff of 
said motor aftep a predetermined time commencing with 
movement of saijd door away from one of said open and closed 
limit positiofjfs. 

37. /The method set forth in Claim 28 including the 
step ofy 

/ causing said microcontroller to not respond to a 
signal to effect one of opening and closing said door for a 
pi?4determined time commencing with deenergization of said 
motor to halt movement of said door. 
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38. A m^PIod for controlling the of55ration of a door 
operator unit to move a door between open and closed 
positions, said operator, unit including a reverjsible 
electric drive motor, a drive unit interconnecting^ said 
motor with a door, an electrically operated bra ke/oper ably 
connected to said drive unit for braking rota^on of an 
output shaft of said drive unit, and a control system 
including a programmable microcontroller opepably connected 
to means for providing door position limit/signals to said 
microcontroller, said method comprising the steps of: 

moving said door toward one an open and closed 
limit position by energizing said motor and releasing said 
brake; and 

upon said doda: /approachLmg one of said open and 
closed position, causing a brake*^ operator of said brake to 
progressively brake rotation of/ said output shaft. 

7 

39. The method set fo^^h in Claim 38 wherein: 

said brake operator is controlled to progressively 
brake rotation of said/ output shaft by applying a pulse 
width modulated signal/ to said brake operator, and reducing 
a duty cycle of said/modulated signal applied to said brake 
operator in preset /steps at selected time intervals to halt 
rotation of said /Output shaft. 



40. The yinethod set forth in Claim 39 including the 
step of : 

-roviding a calibration circuit operably connected 
to said iTiTicrocontroller ; and 

selecting values of duty cycle and time interval 
by vjay of said calibration circuit to effect operation of 
saiTd brake. 




41. A method for controlling the operation of a door 
operator unit to move a door between open and closed 
positions, said operator , unit including a reversible 
electric drive motor, a drive unit interconnecting a^id 
motor with a door, an electrically operated brake op^^bly 
connected to said drive unit for braking rotation/ of an 
output shaft of said drive unit, and a contiyza system 
including a programmable microcontroller operabl<y connected 
to means for providing door position limit signals to said 
microcontroller, said method comprising the s^ps of: 

moving said door toward one of an open and closed 
limit position by energizing said motor/and releasing said 
brake; and 

causing said, microcontroller to effect arresting 
movement of said door in a position between an open limit 
position and a closed'^ lijnit / position after a first 
predetermined time whichJOls / automatically set by said 
microcontroller and coraittence*s with movement of said door 
from one of said limit poyltions toward the other of said 
limit positions. 

42. The method sdx. forth in Claim 41 wherein: 
said control system is operated to cause said door 

to stop in a position between said limit positions after 
said first prec^termined time commencing with- movement of 
said door from/a closed limit position of said door. 



43- TKe method set forth in Claim 41 including the 
step of: 

causing said microcontroller to not respond to ■ a 
signai^ to effect one of opening and closing said door for a 
preajStermined time commencing with deenergization of said 
mot6r to halt movement of said door. 




44. The ^B^thod set forth in Claim^l iricludihg the 
step of: 

determining said first predetermined time 
measuring a second time period which comprises the yt^lme 
required to move said door between said open and yclosed 
positions and adding a third predetermined time period to 
said second time period to provide said first pp^etermined 
time . 

45. A method for controlling the opei^tion of a door 
operator unit to move a door between^ open and closed 
positions, said operator unit including a reversible 
electric drive motor having a rot^ftable output shaft, a 
drive unit includirtgl an elec;tlj:ically actuated brake 
interconnecting said mck^oy with^a door and a control system 
including a programmaoae micrfz^controller including a memory, 
a keypad for providing infiormation to said microcontroller 
and a visual display fo^ displaying a condition code and 
calibration information associated with operation of said 
operator unit, said rpfethod including the step of: 

using saad keypad to select one of a door open 
mode of operati/on, a door close mode of operation, a 
calibration m0ae and selection of available calibration 
functions 

46. y^The method set forth in Claim 45 including the 
step of^ 

setting at least one predetermined value of 
braking rate with said keypad. 
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47. The 
steps of: 



ethod set forth in Claim 45 including the 



providing said operator unit with a cpfTtrol switch 
for providing a signal to said control sysjs^m to energize 
said motor and deenergize said motor; and 

using said keypad to cause said control system to 
require one of constant contact of switch and momentary 

contact of said switch^ respective 

48. The method 
step of: 




et fortft in Claim 45 including the 



causing said v^>sual display to display selected 
error codes associated^ with a fault condition of said 
operator unit and said control system, respectively. 

49. The me^od set forth in Claim 45 including the 
step of: 

usjmg said keypad to enter a value of time delay 
between saiTd door reaching a one of said positions and onset 
of a baking procedure for arresting operation of said 
operat/or unit. 
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50. The^^lfethod set forth in Claim^S including the 

step 'of : • . 

. using said .keypad to select a time d^lay 
associated with a . midstop limit position of sai/^ door 
between said open and . closed positions 

51. The method set forth in Claim 45y^ncluding the 
step of : 

using said keypad to clear aymaximum run time of 
said motor. 

52. The method/ set yforthydn Claim 45 including the 
steps of: L/ ^""^'^ 



using said keyp 
select a direction o 
equivalent to a given 



direct 



and said visual display to 
rotation of said output shaft 
ion of travel of said door. 



53- The mejmod set forth in Claim 45 including the 
steps of: 



u^ing said keypad to select at least one of . a 
direction y/of output shaft rotation of said operator unit 
corresgcmding to a given direction of door travel and 
cont2?611ing direction sensitive input commands to said 
concrol system. 
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54 . A mWhod for controlling the d^Sration of a door 
operator unit to move a door between open and .closed 
10 positions^ saicl operator unit including a rejii^rsibie 
electric drive motor having a rotatable out pi^tf shafts a 
drive unit interconnecting said motor witlv^a door and a 
control system includiprg^^ a programmabjt^ microcontroller 
including a memory^ a /ke^oAd for prp^iding information to 
15 said microcontroller i*id a visuaK display for displaying 
information associated with 6pej?^tion of said operator unit^ 
said method including the stei5 of 

causing said v^/^al display to display one of a 
fault code and a condijferion code of said operator unit. 



55. The mefeiiod set forth in Claim 54 including the 



step of: 



error 



Causing said visual display to display selected 
odes associated with a fault condition of said 



5 ope^tor unit and said control system, respectively. 
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